A 4-week low dosage (500 mg/day) L-carnitine supplementation in combination with motivation training was carried out in 24 overweight .6 kg/m 2 ) Japanese males in the course of a double-blind randomized placebo-controlled study. L-carnitine motivated group showed significant body weight loss and a decrement of serum triglyceride level vs. the non-motivated placebo group. Serum adiponectin levels increased in both L-carnitine supplemented groups. The beneficial effects of L-carnitine were amplified by motivation training. For clinical evaluation of supplements, whose efficacy is potentially affected by inter-individual life style variability, supportive motivation training might be advisable for future clinical trials.
Introduction
Prevalence of obesity among adults in Japan was 3.9% in 2009, compared to nearly 34% for the United States [1] . However, according to national health and nutrition survey in Japan in 2007, prevalence of obesity is increasing in males regardless of age group compared with the statistics of 1986 and 1996. Additionally, among the 40 -74 years old, one in two men and one in five women were strongly suspected to have either metabolic syndrome or prodromal metabolic syndrome [2] .
Drugs approved for long-term management of obesity are very few [3, 4] they have limited long-term effectiveness, and they have also significant side effects such as hypertension and insomnia for sibutramine [5] and diarrhea and flatulence for orlistat [6, 7] . On the other hand, long term administration of L-carnitine for fighting of obesity is considered safe [8] in comparison to the previously mentioned medications.
L-carnitine (L-3-hydroxy-4-N-trimethylaminobutyrate) was discovered more than 100 years ago [9, 10] . More and more new research is conducted on L-carnitine [11, 12] . Among many other functions, L-carnitine is crucial for beta-oxidation, facilitating the transport of longchain fatty acids across the mitochondrial membrane [13, 14] , as well as moving the waste products such as poorly metabolizable acyl groups from mitochondria to the cytoplasm [15] . Recent research shows that L-carnitine possesses antioxidant capacity and protects plasma components against oxidative damage [16, 17] .
For long time, L-carnitine has been marketed as a dietary supplement to improve body composition and increase athletic performance [11] . Wutzke and Lorenz have shown that L-carnitine supplementation led to a significant increase in 13 C-fat oxidation, whereas protein synthesis and breakdown rates remained unchanged in slightly overweight subjects [18] . This was confirmed by a recent study by Wall and coworkers, who found an increase in lipid utilization due to carnitine supplementation in exercising humans [12] . According to Pekala et al., L-carnitine and its esters have been proposed as a treatment for many conditions, including obesity [19] .
Most available results arise from studies which employed daily dosages that were higher than those used as dietary supplements; e.g. more than 1000 mg per day. One of the reasons that high dosages were often used in the clinical studies may be the difficulty to obtain clear results of L-carnitine effects due to its indigenous existence in the subjects. Moreover, energy metabolism is easily affected by individual life styles such as daily diet and physical activities, which may bias the effects of Lcarnitine supplementation.
The pilot study presented here was designed to evalu-ate effects of low dose L-carnitine supplementation (500 mg per day) on weight loss and other energy metabolism-related parameters. Special focus is directed to the influence of concomitant motivation training on the outcome parameters of the study. Modern weight loss programs comprise a combination of supplementation with weight-reducing agents and motivation trainings in order to promote changes in life style with regard to eating habits and physical activity that may support the weight-reducing effects [20] [21] [22] [23] .
Materials and Methods

Study Design
The trial was designed as a double-blind randomized placebo controlled study. All subjects provided written informed consent before screening. The study protocol was approved by Shiba Palace Clinic Ethics Committee. : 150 -350 mg/dL, waist circumference: 85 -100 cm, without exercising habit) were allocated to two classes: L-carnitine group (C) (760 mg of L-carnitine tartrate = 500 mg L-carnitine for 4 weeks) and placebo group (NC). Subjects were instructed to ingest 4 capsules/day with water after breakfast. Lonza Japan Ltd. provided Carnipure TM (L-carnitine L-tartrate), and placebo (cellulose) capsules.
Each class was divided in two groups: motivated (M) and non motivated (NM). Motivation training included a face-to-face 30 min session with the principal investigator at the baseline visit, where the subjects were informed about L-carnitine and its metabolic functions. Furthermore, subjects learned about the beneficial effect of weight loss on the risk of metabolic diseases. Subjects were encouraged to perform daily physical activities like "taking stairs" instead of "using escalators". Furthermore, it was recommended to reduce calorie intake to 1500 -1800 kcal by taking light meals. Subjects were instructed to use pedometers (step counters) throughout the day to keep record of their physical activity, and to monitor their body weight using bathroom scales provided to them. Both step count and weight were recorded by each subject of the motivated groups on a daily basis. Furthermore, subjects were instructed to report food intake on the 7 days before start of supplementation and on the 7 days prior to the last visit. After 2 weeks, a 15 min follow up interview was held to review and reconfirm the previous instructions. The interviews were conducted in double blinded manner in terms of L-carnitine ingestion.
At baseline and after 4 weeks of supplementation, the following assessments were performed: body fat content was determined by bioelectrical impedance measurement (In Body 3.2, BIOSPACE Co., Ltd., Korea), basal metabolic rate was measured with a gas analyser (Vmax29s, Sensor Medics Co.). In addition blood analyses were performed (see below under Laboratory Assessment).
In the motivated group (M), energy intake, body weight, and amount of physical activity were monitored. Energy intake was calculated from a web diet survey (including a hearing survey with Excel Eiyo-kun Ver. 4. 5 Kenpakusha Ltd., a diet monitoring software). The amount of exercise was surveyed by continuous pedometer measurements.
Subjects were fasting 12 hours prior to each visit. No beverages or food other than mineral water were allowed until blood was drawn on the measurement day. Subjects were prohibited to take any kinds of dietary supplements or functional foods which claim to modify fat or energy metabolism throughout the study. Subjects were asked to avoid irregular activities (lack of sleep, excessive eating or drinking, etc.).
After 2 weeks and after 4 weeks of supplementation, 15 minutes interviews were held to assess subject compliance and monitor potential adverse events.
This study was implemented in adherence with the guidelines of the Declaration of Helsinki.
Laboratory Assessment
The following parameters were measured in the whole blood: white blood cell count, red blood cell count, haemoglobin, haematokrit, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration and the platelet count.
In the serum the following was measured: total cholesterol, TG, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, adiponectin, urea nitrogen, creatinine, uric acid, aspartate aminotransferase, alanine aminotransferase, γ-glutamyltransferase, serum insulin, sodium, potassium and chlorine.
One parameter was measured in the plasma: blood glucose.
One parameter was measured in haemolysate: HbA1c. All measurements were carried out at the research laboratory of BML, Inc. 5-21-3 Sendagaya, Shibuya-ku, Tokyo 151-0051 Japan.
The values of all parameters are presented as the mean ± standard deviation. 3 subjects were excluded from the statistical evaluation. Any unavailable data for any reason were processed as missed data.
All analyses were carried out using SPSS (IBM) Ver. 16. Effects of supplementation (value after 4 weeks) were tested versus baseline data. Furthermore, effect of L-carnitine supplementation with and without motivation training was tested versus the respective placebo group. Correlated t-test was applied at "baseline" and "after 4 weeks" within each group, and Tukey's test was applied between groups at "baseline" and "after 4 weeks" on all variables.
Results
Baseline Values
The present study is a randomized, placebo-controlled double blind clinical trial to study the effect of 4 weeks intake of low dose (500 mg/day) L-carnitine in combination with motivation training on body weight and body composition. Of the 24 subjects who entered into the study, all subjects completed the 4 weeks administration, but only 21 were included in the subsequent evaluation. 3 subjects were excluded from the analysis for violation of one inclusion criterion, as they led extraordinary lifestyles being night workers. The demographic characteristics of the study population at baseline are presented in Table 1 . Subjects were randomized so that the means of serum TG levels (216 -228 mg/dL), BMI (25.8 -26.6 kg/m 2 ), peripheral waist circumference (93.3 -99.2 cm), and age (40.2 -44.4 yr) were as close as possible between groups. However, body weight was higher in the L-carnitine-motivated group than in the other 3 groups at baseline (see Table 2 ).
Effect of Motivation Training on Life Style
Although subjects were motivated to keep daily calorie intake between 1500 and 1800 kcal, energy intake of most of the subjects exceeded 2500 kcal/day. Energy intake did not change significantly during the intervenetion and was not different between groups (Table 3) . In both motivated groups, average step count increased between baseline (C/M = 5934; NC/M = 5199) and 4 weeks (C/M = 8617; NC/M = 6872). However, both increases were not found to be statistically significant.
Effect of Intervention on Body Weight and Body Composition
The L-carnitine motivated group showed a significant decrease in body weight (baseline: 82.0 ± 2.2, 4 weeks: 80.9 ± 1.8 kg, p = 0.007) within 4 weeks of intervention, while body weight increased or remained constant in all other groups (see Table 2 ). The body weight change was significantly different between the L-carnitine motivated group and the placebo non-motivated group (p = 0.0019; see Figure 1 ). As shown in Figure 2 , body weight decreased in all subjects in the L-carnitine motivated group, in contrast to all other 3 groups. BMI decreased significantly in L-carnitine motivated group (from 26.6 kg/m 2 at baseline to 26.2 kg/m 2 after 4 weeks), whereas it remained the same or even slightly increased in other 3 groups (see Table 2 ).
No significant changes were observed in body fat mass, muscle mass and basal metabolism.
Effect of Intervention on Blood Lipids
The L-carnitine motivated group showed the largest decrease in serum TG levels (baseline 218 ± 45 mg/dL, 4 weeks 145 ± 42 mg/dL) among all other groups (see Table 4 and Figure 3) . TG levels were statistically significantly lower in the L-carnitine motivated group than in the placebo non-motivated group at 4 weeks after intake (p = 0.03). Changes in triglyceride levels were significantly different between L-carnitine motivated group as well as L-carnitine non-motivated group and placebo non-motivated group (p = 0.014 and 0.0223, respectively, Figure 3) . On individual level shown on Figure 4 , TG changes were observed with some similarities to those on body weight patterns (Figure 2) .
Cholesterol levels did not change significantly, but showed positive trends in the L-carnitine motivated group: Total cholesterol decreased slightly in the L-carnitine motivated group (2 mg/dL), in comparison to all other groups which showed mild to moderate increases (up to +22 mg/dL in the placebo non-motivated group).
LDL cholesterol remained constant in the L-carnitine motivated group but increased in all other groups. The increase reached statistical significance only in the placebo non-motivated group.
HDL cholesterol did not change significantly in any of the groups. mean ± SD; a: p < 0.01, for change from baseline at 4 weeks; b: p < 0.05, for L-carnitine motivated group versus L-carnitine non-motivated group; c: p < 0.05, for change from baseline at 4 weeks. Within each group, correlated t-test was applied at "baseline" and "after"; Tukey's test was applied between every two group at "baseline" and "after 4 weeks". 
Effect of Intervention on Metabolic Parameters
Adiponectin was significantly higher in the L-carnitine motivated group at 4 weeks after intake compared to baseline (baseline: 7.54 ± 2.44, 4 weeks: 8.72 ± 2.15 µg/mL, p = 0.04; see Table 5 ). However, this increase was not statistically significant compared to placebo or -carnitine non-motivated group. Adiponectin levels mean ± SD; a: p < 0.05, for L-carnitine motivated group versus placebo non-motivated group; b: p < 0.05, for change from baseline at 4 weeks; Within each group, correlated t-test was applied at "baseline" and "after 4 weeks"; Tukey's test was applied between every two group at "baseline" and "after 4 weeks". mean ± SD; a: p < 0.05, for change from baseline at 4 weeks; b: p < 0.01, for change from baseline at 4 weeks; c: p < 0.05, for L-carnitine non-motivated group versus placebo motivated group; Within each group, correlated t-test was applied at "baseline" and "after 4 weeks"; Tukey's test was applied between every two group at "baseline" and "after 4 weeks". showed an increase in all subjects in the L-carnitine motivated group, in contrast to the diversified results of all other 3 groups.
No clinically or statistically significant changes were observed in levels of glucose and HbA1c across the different groups. Insulin levels showed large fluctuations and increased statistically significantly in both carnitine and placebo non-motivated groups compared to baseline (p = 0.038 and p = 0.006, respectively). Insulin levels were statistically significantly higher in the L-carnitine non-motivated group compared to placebo motivated group at 4 weeks (p = 0.047).
Effect of Intervention on Safety Parameters
Slight changes were observed in white blood cell count, MCV, MCH, platelet count and plasma urea nitrogen. However, these changes were not clinically relevant and were not confined to a certain treatment group. The results from the complete blood count are presented in Table 6 . Markers of renal function and liver function are shown in Table 7 . Both L-carnitine and placebo were well tolerated in all subjects. 25.3 ± 7.0 mean ± SD; a: p < 0.05, for change from baseline at 4 weeks; b: p < 0.05, for change from baseline at 4 weeks; Within each group, correlated t-test was applied at "baseline" and "after 4 weeks"; Tukey's test was applied between every two group at "baseline"and "after 4 weeks". Table 7 . Markers of liver and renal functions between the 4 groups at baseline and after 4 weeks (n = 21). mean ± SD; a: p < 0.05, for change from baseline at 4 weeks; Within each group, correlated t-test was applied at "baseline" and "after 4 weeks"; Tukey's test as applied between every two group at "baseline" and "after 4 weeks". w
L-carnitine Placebo
Discussion
The primary purpose of this study was to examine the effect of supplementation with 500 mg of L-carnitine per day for 4 weeks on weight management and energy metabolism related parameters in healthy human subjects with and without supportive motivation training. Although several previous studies have examined Lcarnitine supplementation, this is the first study to report in depth on the effect of low dosage L-carnitine ingestion in combination with motivation training on body weight. The L-carnitine motivated group showed significant body weight loss of −1.10 kg compared to an increase in weight of +0.7 kg in the placebo non-motivated group (p = 0.0019; Figure 1 ). However, no statistically significant effect of L-carnitine supplementation was observed in the non-motivated group. This is in line with previous studies. Villani et al. found no significant changes in body weight in moderately obese women after supplementation with 4 g of L-carnitine over 8 weeks [24] . Supplementation with 2 g of L-carnitine for 3 months in slightly overweight diabetic patients did not affect BMI [25] .
It should be noticed that the described study was performed during late fall and winter between September and December 2009. Ma et al. showed that caloric intake, physical activity and subsequently body weight vary seasonally, with mean body weight peaking in winter [26] . This might have also factored into the increase of body weight in the placebo non-motivated group. Despite this seasonal effect on body weight, subjects in the Lcarnitine motivated group in our study showed significant weight loss.
Motivation training comprised information about the beneficial effects of weight loss on the risk of metabolic diseases in face-to-face meetings with the medical instructor as well as instructions to monitor physical activity levels and dietary intake. Participation in the motivation training led to a significant increase of physical activity: In both the placebo motivated and the L-carnitine motivated group, the number of steps increased by +1673 steps and +2683 steps, respectively. Energy intake was not significantly affected by motivation training of the subjects. The administration of L-carnitine in combination with enhanced physical exercise may have led to the observed reduction of body weight by increasing the rate of fat oxidation. Previous studies on both normal and overweight subjects have shown that supplementation with L-carnitine increases fat oxidation [18, 27] . Therefore, a reduction of body fat mass may be expected in the L-carnitine motivated group. Although a slight decrease of body fat mass was observed, this change was not statistically significant. However, the short duration of the study may have prevented a significant effect.
Both the L-carnitine motivated group and the Lcarnitine non-motivated group showed a significant drop in serum TG levels compared to the placebo non-motivated group (Figure 3) . Figure 5 demonstrates the beneficial effect of a combination of L-carnitine supplementation and motivation on serum TG, decreasing their level below 150 mg/dL in 3 out of 5 subjects eliminating, hence, a common risk factor for metabolic syndrome [28] .
The beneficial effect of L-carnitine on plasma lipids has been documented in several studies [29] . Malaguarnera et al. showed that supplementation with 2 g of L-carnitine for 3 months significantly reduced TG from 3.31 ± 0.35 to 2.30 ± 0.31 mmol/L in diabetic patients, which is equivalent to a drop about −88.4 mg/dL. This is in the same range as the TG change observed in our study.
Malaguarnera et al. also observed positive effects of L-carnitine supplementation on total cholesterol, LDL and HDL cholesterol levels [25] . This has not been demonstrated in our study, where cholesterol values did not change significantly. This may be due to the smaller number of the participating subjects, the lower utilized dose of L-carnitine, or the shorter duration of the trial (4 weeks). Also, in our study, no diet restriction was applied, in contrast to the low-fat and high-fiber diet in the comparative study.
In our study, adiponectin levels were increased in the L-carnitine motivated group at the end of the treatment period compared to baseline levels (+1.18 µg/ml; p = 0.04). A similar trend was observed in the L-carnitine non-motivated group (+0.61 µg/ml), however, this change was not statistically significant. Adiponectin is a peptide hormone produced in the adipocytes, and its levels are inversely related to the fat mass of the body [30] . Administration of adiponectin has been associated with reduction of plasma glucose levels and increase of insulin sensitivity. Therefore, an increase of adiponectin levels is regarded as beneficial with respect to risk factors of metabolic syndrome [30] .
Several studies evaluating changes in adiponectin levels which occurred during weight reduction resulting from various treatments did not have consistent results [30, 31] . Weight loss per se seems not to have an effect on adiponectin levels. In a study by Silva, de Almeida, and Feoli, weight loss achieved with a low-calorie diet plus exercise increased adiponectin levels in the range of 18% -48% [32] . An increase in adiponectin levels occurred also in a study on the effects of acetyl-L-carnitine (a naturally occurring carnitine derivate, which is deacetylated to L-carnitine after ingestion) in subjects at increased cardiovascular risk [33] . Supplementation with 2 g/d acetyl-L-carnitine for 24 weeks (equivalent to 1.6 g L-carnitine) induced an increase of adiponectin by 27% compared to an increase about 15% observed in the Lcarnitine motivated group in our study.
Elevated adiponectin serum levels could be explained by the hypothesis that an improved oxidation of free fatty acids might be associated with a secondary increase in adiponectin expression [34] .
Insulin levels showed large variations in our study. The observed significant increases cannot be attributed to either L-carnitine supplementation or motivation training and may have been influenced by other non-controlled parameters.
Our study demonstrates that the efficacy of a weight loss program may be strongly influenced by motivation training. For all parameters that showed significant changes during the treatment (body weight, triglycerides, and adiponectin levels), stronger effects were observed in the L-carntine motivated group than in the L-carnitine nonmotivated group. This is supported by the study of Unick et al. who investigated the influence of a telephone motivation program on the achievement of weight loss in overweight and obese women [35] . It turned out that the number of telephone calls was a strong predictor of weight loss success.
Several countries have recently started health programs to achieve lifestyle changes in order to support weight loss and prevent metabolic diseases [36, 37] . Our results substantiate the beneficial effect of motivation training on the efficacy of weight loss programs. Also for the clinical examination of the efficacy of dietary supplements, which may be affected by inter-individual life style variability, the implementation of motivation training may be advisable to obtain more pronounced effects of the intervention.
Supplementation of L-carnitine is considered safe for doses up to 15 g/d in healthy men [38] . Therefore, markers of hepatic and renal function as well as blood hematology in Japanese men after daily ingestion of a dose of L-carnitine of 500 mg/d for 4 weeks showed no abnormalities as expected.
There were some limitations to this pilot study. The main limitation concerns the small number of subjects. This may be a crucial limitation that weakens the significance of the results, although the observed changes do signify a beneficial effect of L-carnitine supplementation in combination with motivation training. We tried to equally allocate subjects to each group, but 3 subjects were excluded for violation of the inclusion criteria. Furthermore, the relatively short duration of this clinical trial (4 weeks) and the utilized low dose of L-carnitine may explain the lack of significance in the achieved changes in many of the assessed parameters. L-carnitine seems to induce a slow but consistent increase of muscle carnitine stores. A recent study by Wall et al. has shown, that an increase in muscle carnitine is observed after 12 weeks of supplementation, which reaches statistical significance only after 24 weeks [12] . Therefore, it can be assumed that the effect of L-carnitine on body weight and serum lipids will be more pronounced in a study of a longer duration.
Low dosage L-carnitine combined with motivation may have a beneficial effect on several metabolic syndrome risk parameters, including TG and adiponectin, which could offer a safe, low cost, and easily applicable strategy targeting weight loss in overweight humans.
